The aim of this work is to determine the effect of this type of treatment on the shape of the femoral head, the range of motion (ROM), radiological changes in the femoral head, and the prognosis of Perthes disease at skeletal maturity. From 1998 to 2007, 53 patients with Perthes disease were treated with a combination of soft tissue release and joint distraction with a hinged monolateral external fixator in 32 patients and by Ilizarov external fixator in 21 patients. Nineteen of our 53 patients attained skeletal maturity and were evaluated in our study. This study included 15 boys and four girls, mean age at surgery 9.3 years (range 7.2-13.1), and mean age at the last follow-up 17.4 years (range 14.9-21.3). The duration of symptoms varied from a period of 6 to 60 months before the operation. Radiographs taken during the fragmentation stage of the disease were classified by the lateral pillar classification of Herring; 19 of our patients attained skeletal maturity and were evaluated. Clinical assessment included the Harris hip score, hip ROM, and limb length discrepancy. Radiographic assessment included sharp transverse acetabular inclination, the uncoverage percentage, the epiphyseal index before surgery (modified Eyre-Brook), at frame removal, and at the last follow-up, the epiphyseal quotient (of Sjovall), and the Stulberg classification. The mean follow-up was 7.2 years (range 4.1-11.3). The mean Harris hip score was 87.1/100 (range 49.2-94.8). An improvement in hip (ROM) of 83.3% of the normal range was restored. There was a marked improvement in the degree of pain and limp postoperatively. The hip ROM was slightly limited in most patients, and seven patients had limb shortening of between 1 and 3 cm. The mean sharp transverse acetabular inclination of the affected side was 448 (range 35-51) compared with 378 for the unaffected side (P = 0.042). The mean uncoverage percentage was 36% (range 24-45) compared with 21% for the unaffected side (P = 0.027). The mean epiphyseal index was 0.74 (range 0.36-0.94) before surgery, 0.78 (range 0.49-0.89) at frame removal (P = 0.017), and 0.80 (range 0.54-0.91) at the last follow-up (P = 0.701). The epiphyseal quotient was 0.74 (range 0.51-0.94) and the Stulberg classifications were type II in eight patients, type III in seven patients, type IV in three patients, and type V in one patient. Arthrodiastasis of the hip joint with soft tissue release may represent a good contribution toward the treatment of Legg-Calvé -Perthes disease. This method of treatment has many advantages such as easy technique, minimal rate of complications, a short hospitalization period, correction of shortening because it adds to the length of the limb, and a higher rate of acceptable results than would be expected compared with other methods. It also improves the ROM, reduces superior and lateral subluxation, and provides better radiographic sphericity of the femoral head. In addition, it does not distort the anatomy of the pelvis or the proximal femur; it can be used with equal success in older children who are typically expected to have a poor prognosis. Distraction treatment is not limited by hip stiffness, degree of femoral head deformity, or subluxation, and can be used when other methods of treatment are contraindicated.
Introduction
Legg-Calvé-Perthes disease (LCPD) is a syndrome in which an avascular event affects the capital epiphysis (head) of the femur. Following the avascular event, the growth of the ossific nucleus stops and the bone becomes dense. The dense bone is subsequently resorbed and replaced by new bone, during which the mechanical properties of the femoral head are altered such that the head tends to flatten and enlarge. Once new bone is in place, the head slowly remodels until skeletal maturity is achieved. The management of Perthes disease remains controversial despite the extensive literature on this subject [1] .
The aim of this work is to determine the effect of this method of treatment on the shape of the femoral head, the range of motion (ROM), radiological changes of the femoral head, the occurrence of complications, and the prognosis of Perthes disease on skeletal maturity.
Patients and methods
From 1998 to 2007, 53 patients with Perthes disease were treated with a combination of soft tissue release (STR) and joint distraction with a hinged monolateral external fixator (EF) in 32 patients and by Ilizarov EF in 21 patients treated. Nineteen of our 53 patients attained skeletal maturity and were evaluated in our study ( Table 1 ). The inclusion criteria were as follows: all patients in the fragmentation stage, Herring classification types B and C, Catteral types 3 and 4, and age above 6 years ( Fig. 1 ). This study included 15 boys and four girls, mean age at surgery 9.3 years (range 7.2-13.1), mean age at the last follow-up 17.4 years (range 14.9-21.3). The mean follow-up was 7.2 years (range 4.1-11.3). The duration of symptoms varied from a period of 6 to 60 months, with an average of 12.6 months. All patients were unilateral. Radiographs taken during the fragmentation stage of the disease were classified by the lateral pillar classification of Herring; 11 were class B and eight were class C. We calculated the Harris hip score for pain, function, daily activities, hip ROM, and limb length discrepancy. The radiographic measurements were recorded using the following parameters: sharp transverse acetabular inclination, uncoverage percentage, epiphyseal index, and the epiphyseal quotient. Sharp angle is defined as the angle between a transverse pelvic line at the tip of the tear drop and the oblique line from this point to the superolateral corner of the acetabulum. The uncoverage percentage was recorded (using Reimer's subluxation index) [2] for comparison of the affected hips and the unaffected hips. This is defined as the percentage of the femoral head at the widest transverse diameter that protrudes laterally to Perkin's vertical line. The epiphyseal index was measured before surgery, at frame removal, and at the last follow-up. This is defined as the ratio between the epiphyseal height at the midline point divided by the epiphyseal width at its widest points [2] . The epiphyseal quotient (of Sjovall) [2] was determined on the last follow-up radiographs, defined as the epiphyseal index of the affected hip divided by the epiphyseal index of the unaffected hip. This is a measure of epiphyseal flatness compared with the unaffected side; the epiphyseal quotient is considered good if it has a percentage more than 60%, fair if it is between 40 and 60%, and poor if the percentage is less than 40%; the Stulberg classification was also used. The operative treatment included STR of adductor muscles and iliopsoas tenotomy and application of either an Orthofix EF or an Ilizarov EF with a hinge in both of them. After 1 week, gradual distraction was initiated at a rate 1 mm per day till over correction of Shenton's line by at least 5 mm and not more than 10 mm (Fig. 2) . The patients were encouraged to walk with partial weight bearing using two crutches immediately after the operation. We performed STR for all patients. The apparatus was left in place for 4 months in patients younger than 9 years and for 5 months in patients older than 9 years. The extension bar was left in place at night in full extension and in the day time for 1 h only two times to prevent flexion contracture of the hip joint. After the removal of the fixator, an abduction brace was applied for 6 weeks (day and night) and 6 months at night only to prevent flexion attitude of the hip joint and to maintain the containment of the head. Full weight bearing was achieved approximately 1 month after removal. After the removal of the fixator, it took 4-8 weeks for the hip to change from a simple hinge to a ball and socket function. This was achieved by daily physiotherapy with passive continuous and active assisted movements. The patients were assessed clinically and radiologically before the operation, every 1 week postoperatively until the end of distraction, then every month until the removal of the frame, and finally, every 6 months until skeletal maturity. Hinged distraction of the hip in Perthes disease: long follow-up Laklouk and Hosny 387
Results

Clinical evaluation
The mean follow-up was 7.2 years (range 4.1-11. (range -10 to 101). Eleven of the 19 patients reported slight pain (39/44 points) after walking for more than 1 h, but none reported limitation in walking distance. Five of the 19 patients had a limp because of limb shortening and one of them had a positive Trendelenburg sign. There was no limb length discrepancy in 11 patients; it was 1 cm in four patients, 2 cm in three patients, and 3 cm in one patient. The latter four patients used shoe lifts.
Radiological evaluation
The mean sharp transverse acetabular inclination of the affected side was 441 (range 35-511) compared with 371 for the unaffected side (P = 0.042). The mean uncoverage percentage (using Reimer's subluxation index) was 36% (range 24-45%) compared with 21% for the unaffected side (P = 0.027). The mean epiphyseal index was 0.74 (range 0.36-0.94) before surgery, 0.78 (range 0.49-0.89) at frame removal (P = 0.017), and 0.80 (range 0.54-0.91) at the last follow-up (P = 0.701), and the Stulberg classification was type II in eight patients , type III in seven patients, type IV in three patients, type V in one patient. Some degree of coxa magna was present but with good congruency to the acetabulum.
Complications
Most patients (17, 89%) developed pin track infections. Sixteen patients had superficial pin tract infections, which were treated successfully with a course of oral antibiotic. One patient developed deep persistent infection in the actabular region that required the early removal of the frame after 2 months. Management included irrigation and debridement of the site of pin insertion by a small curette, culture and sensitivity test for pus, appropriate antibiotic, complete bed rest, reapplication of the frame in a new insertion site in the supra-acetabular region, and regaining of distraction as usual. One patient complained of increasing pain during movement, which was because of intra-articular migration of Schanz pins. This patient required early removal of the frame after 3 months. This child experienced a progressive femoral head collapse after weight bearing. The final follow-up Harris hip score was 49% and Stulberg classification was grade V.
Discussion
LCPD represents one of the most important and challenging orthopedic problems during the childhood. Treatment goals are either short term such as pain-free hip and full ROM or long term such as congruency of the spherical femoral head and joint. The obstacles to success were patient age, loss of motion or contracture, prolonged healing process, and increased joint pressures that were subjected to malposition and contracted hip joint. Therefore, the treatment strategies include maintenance of hip motion, femoral head containment, acceleration of Hinged distraction of the hip in Perthes disease: long follow-up Laklouk and Hosny 389
epiphyseal healing, and minimization of joint pressure (unloading). Thus, achievement and maintenance of hip ROM is the only principle of treatment universally agreed upon [3, 4] . The femoral head must be contained and molded into a sphere by the acetabulum. In addition, the containment requires motion and extrusion must be prevented. Containment treatment in patients older than 11 years of age leads to only 40% satisfactory results [5] .
The literature includes studies with primarily multiple small sample sizes and relatively short follow-up periods. The aim of the study is to examine the survivorship of this treatment modality [6] .
Femoral varus osteotomy
Femoral varus osteotomy (FVO) can yield the greatest degree of femoral head containment [7] , but the precise indications and criteria for this are not clear cut. Also, the femoral osteotomy has multiple disadvantages such as failure of the surgical varus to resolve, shortening of the extremity, development of a limp either because of leg shortening, abductor insufficiency, or a combination of both, trochanteric overgrowth, the requirement of a second operation to remove the implant, a risk of a proximal femoral fracture through screw holes when the internal fixation device is removed, loss of position because of failure of internal fixation, and nonunion or delayed union. Hence, FVO is contraindicated in older patients with reduced potential for varus remodeling and therefore increased limb length discrepancy [7] [8] [9] [10] [11] [12] .
Salter osteotomy
Also, Salter osteotomy has many disadvantages such as the following: it may increase the transarticular pressure, postoperative stiffness of the hip with prolonged or persistent loss of joint motion, anterolateral coverage that was increased by Salter's innominate osteotomy may uncover the femoral head posteriorly, it does not increase the acetabular capacity, and technically it is more difficult [1, 13, 14] .
Lateral shelf acetabuloplasty
The lateral shelf acetabuloplasty (SA) is a safe and effective procedure in the management of severely involved hips with LCPD associated with severe femoral head flattening, subluxation, and hinge abduction. Age at surgery, the severity of femoral head involvement, and the presence or absence of 'head at risk' signs do not appear to influence the final outcome [15] . However, it interferes with the growth of the outer aspect of the acetabulum because of the possibility of damage of the lateral acetabular epiphysis and loss of hip flexion because of an excessively wide augmentation graft [1, 16] . Proximal migration of the shelf is another reported complication of this procedure [15] .
Both the above methods of treatment result in distortion of the anatomy and have limited ability to alter the shape of an already collapsed femoral head or to reduce subluxation [17] . There are several theories about the pathogenesis of deformity in Perthes disease: growth disturbance of the physeal and the epiphyseal plate, asymmetrical repair process in the reparative stage, molding action of the acetabulum, and stress and trauma [18] .
Articulated hip distraction maintains the proper head position by containment in abduction, extension, and neutral rotation. Also, it decreases joint pressure and thus decreases the deforming force and provides a good environment for cartilage repair. Tachdjian [19] also suggests that normal muscular activity during bed rest or cast treatment can cause a subchondral fracture. The femoral head deformity that develops in Perthes disease is believed to occur during this fragmentation phase of the disease. The possibility for joint motion allows for articular cartilage nutrition and the molding effect of the acetabulum [20] . Rab et al. [21] have shown that the articular surface of the femoral head is larger than that of the acetabulum, and containment of the femoral head is a relative and time-dependent dynamic concept. This finding challenges the concept of containment presented by Salter et al. [22] , who reported that continuous passive motion of a synovial joint in vivo has a beneficial biologic effect on the healing of full-thickness defects in articular cartilage. The aim of the articulated distraction method is to neutralize muscle and weight-bearing forces, to prevent stress fractures of subchondral immature bone, and to encourage synovial circulation and promote creeping substitution by breaking the 'vicious circle' of necrosis [22] . Recently, it has been reported that intermittent hydrostatic pressure on human osteoarthritic cartilage tissue cultured in vitro produces an improvement in the cartilage [23] [24] [25] [26] [27] . Several studies have been carried out to determine the role of arthrodiastasis in Perthes disease. We have compared our results with those of published series on the treatment of Perthes disease by hinged distraction of the hip joint. In a study conducted by Segev et al. [20] , it was found that the mean Harris hip score was 86.3/100. The hip ROM was slightly limited in most patients, and seven patients had limb shortening between 1 and 4 cm. The mean sharp transverse acetabular inclination of the affected side was 421 compared with 391 for the unaffected side. The mean uncoverage percentage was 37% compared with 20% for the unaffected side. The mean epiphyseal index was 0.71 before surgery, 0.79 at frame removal, and 0.72 at the last follow-up. The epiphyseal quotient for the eight unilateral patients was 0.72, and the Stulberg classification was type III for three patients and type IV for seven.
In the study of Maxwell et al. [28] on the effect of arthrodiatasis on the preservation of the femoral head in Perthes disease, the patients were in the early fragmentation stage with minimal femoral head collapse (type A or B Herring Lateral Pillar classification) at the time of the operation. After an average follow-up of 38.4 months, all the hips maintained their epiphyseal height, except two (out of 15 operated patients). However, the follow-up was short and the sample included patients with minimal involvement that may have yielded the same results with other modalities of treatment. Kucukkaya et al. [29] reported on eight children with Perthes disease treated with articulated distraction. These patients were classified either grade 3 or 4 according to Catterall classification, and B or C according to lateral pillar classification and all of them had more than one Catterall head at risk factors. The final follow-up results according to Stulberg were spherical congruency in four patients, aspherical congruency in three patients, and aspherical incongruency in one patient.
Kocaoglu et al. [30] applied nonarticulated joint distraction with an Ilizarov fixator in 11 patients whose mean age was 7.5 years at the time of surgery. Seven of the 11 hips were classified as Herring grade C. All the hips were in group 3 or 4 of the Catterall classification before treatment. Eight of these patients were assigned to Stulberg classes 3 or 4 at follow-up. It was found that there was more rapid progression to the healing phase. Because of the relatively high rate of complications, the most common being pin-site infection, the authors did not advocate the routine use of this technique. In this series, there were eight patients with spherical congruency, seven patients with aspherical congruency, three patients with a spherical incongruency, and one patient with aspherical incongruency. A significant limitation of this report is the absence of a control group.
A group from Brazil [28, 31] has prospectively studied 36 children with Perthes disease. Eighteen were treated by FVO and the rest underwent arthrodiastasis with an EF. The indications were the same for both groups and included hip pain, at the stage of necrosis or fragmentation, and Catterall group 3 or 4 with at least two head-atrisk signs. The results were satisfactory for both groups, although remodeling of the head occurred faster in the arthrodiastasis group.
Noonan et al. [32] retrospectively reviewed the effectiveness of FVO in 18 hips in 17 children older than 9 years of age and compared their results with those of previously published series. Most of the hips in their study had extensive involvement of the femoral head before surgery. At follow-up, at a mean of 10 years after the operation, 12 of the 18 hips were assigned to Stulberg group 3 or above and 11 were classified as poor according to the criteria of Mose. They concluded that for patients older than 10 years of age, a varus osteotomy did not influence the natural history of the disease. Joseph et al. [33] analyzed the results of varus osteotomy in 48 children in southern India. All the patients were between 7 and 12 years of age at the onset of the disease and had extensive involvement of the femoral head (Catterall group 3 or 4). These patients were compared with 30 historical control patients. The results showed that a larger proportion (30/48) of the children who had undergone surgery had spherical heads at the time of healing, as assessed by the classification of Mose [34] , than in the control group (6/30). Little attention was paid to the complications of surgery in this study. Limb shortening ranged from 1 to 2 cm, whereas no reference was made to complications such as fracture of the plate, which could be clearly seen in one of the radiographs from the study. Daly et al. [35] reviewed the results of lateral SA at skeletal maturity in 26 patients (27 hips) who had onset of the disease when they were older than 8 years of age and who had undergone early operation. The variable nature of Perthes disease makes the condition difficult to study. The use of different classification systems and outcome measures leads to confusion. The analysis of surgical procedures is hampered by the use of small patient groups, the infrequent use of a control group, unmatched selection of patients of varying ages, and varying severity of the disease process [28] . To determine the effect of age on the results of this method of treatment, we classified the patients into two groups: the first group included patients between 6 and 9 years of age and the second group included patients older than 9 years of age ( Table 2 ). The table indicates that the best results were found in the group that included patients 6-9 years of age. Thus, early management of LCPD provides the best possibility for clinical and radiological recovery. This result is also in agreement with other series with almost the same age groups (Tables 3 and 4) .
Conclusion
Arthrodiastasis of the hip joint with STR may represent a good contribution to the treatment of LCPD. This method of treatment has many advantages such as easy technique, minimal rate of complications, short hospitalization period, correction of shortening because it adds to the length of the limb, and a potentially higher rate of acceptable results than would be expected compared with other methods. It also improves the ROM, reduces superior and lateral subluxation, and provides better radiographic sphericity of the femoral head. Besides, it does not distort the anatomy of the pelvis or the proximal femur and can be used with equal success in older children who may typically have a poor prognosis. Distraction treatment is not limited by hip stiffness, the degree of femoral head deformity, or subluxation, and can be used when other methods of treatment are contraindicated. 
